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For electrophilic aroylation of naphthalene derivatives, see: Okamoto & Yonezawa (2009); Okamoto et al. (2011) . For the structures of closely related compounds, see: Nakaema et al. Refinement R[F 2 > 2(F 2 )] = 0.036 wR(F 2 ) = 0.108 S = 1.00 3836 reflections 309 parameters H-atom parameters constrained Á max = 0.20 e Å À3 Á min = À0.18 e Å À3 Table 1 Hydrogen-bond geometry (Å , ). Data collection: CrystalClear (Rigaku/MSC, 2006); cell refinement: CrystalClear; data reduction: CrystalClear; program(s) used to solve structure: Il Milione (Burla et al., 2007) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEPIII (Burnett & Johnson, 1996) ; software used to prepare material for publication: SHELXL97. , 2009; Okamoto et al., 2011) . The two aroyl groups at the 1,8-positions of the naphthalene ring in the resulting compounds are attached in perpendicular fashion to the naphthalene ring and oriented in opposite direction. Recently, we have reported the X-ray crystal structures of 1, 8-dibenzoyl-2,7-dimethoxynaphthalene (Nakaema et al., 2008) , 1,8-bis(4fluorobenzoyl)-2,7-dimethoxynaphthalene [(2,7-dimethoxynaphthalene-1,8-diyl)-bis(4-fluorobenzoyl)dimethanone; Watanabe et al., 2010] , and 1,8-dibenzoyl-2,7-diethoxynaphthalene [(8-benzoyl-2,7-diethoxynaphthalen-1-yl)-(phenyl)methanone (Isogai et al., 2013) . In the crystal of 1,8-dibenzoyl-2,7-dimethoxynaphthalene (Nakaema et al., 2008) , the molecule lies across a crystallographic twofold axis so that the asymmetric unit contains one-half of the molecule. The dihedral angle between the benzene ring and the naphthalene ring is 83.59 (5)°. In the case of 1,8-dibenzoyl-2,7-diethoxynaphthalene (Isogai et al., 2013) , the dihedral angles are 68.42 (5)° and 71.69 (5)°. On the other hand, two aroyl groups in 1,8-bis(4-fluorobenzoyl)-2,7-dimethoxynaphthalene (Watanabe et al., 2010) are attached to the naphthalene ring with appreciably different dihedral angles of 66.88 (7)° and 88.09 (6)°.
Yonezawa
In the crystal packing of 1,8-dibenzoyl-2,7-dimethoxynaphthalene (Nakaema et al., 2008) and analogous compounds (Watanabe et al., 2010 , Isogai et al., 2013 , the molecules are linked by C-H···O hydrogen bonds between the benzene rings and the ketonic carbonyl groups forming a three-dimensional network. The distances are shorter in the order of 1,8dibenzoyl-2,7-dimethoxynaphthalene (2.60 Å), 1,8-bis(4-fluorobenzoyl) analogue (2.55 Å), and the 2,7-diethoxy analogue (2.37 Å).
As a part of our continuous studies on the molecular structures of this kind of homologous molecules, the X-ray crystal structure of the title compound, 1,8-bis(4-fluorobenzoyl)-2,7-diethoxynaphthalene is discussed in this article.
In the molecule (Fig. 1) , two aroyl groups are non-coplanarly attached to the naphthalene ring and are oriented in opposite direction. The dihedral angles between the planes of the benzene rings [C12-C17 and C19-C24] and the naphthalene ring system (C1-C10) are 70.00 (4)° and 67.28 (4)°, respectively. Besides, the dihedral angle between the benzene rings is 14.12 (7)°.
The molecular packing of the title compound is mainly stabilized by dual C-H···O hydrogen bonds between the benzene rings and the ketonic carbonyl groups along the a axis (C16-H16···O1 i =2.30 Å and C23-H23···O2 ii =2.37 Å; Table 1 and Fig. 2 ) and by C-H···F hydrogen bonds between the naphthalene rings and the fluorine atoms on the benzene rings (C6-H6···F1 iii =2.44 Å; Table 1 and Fig. 3 ), resulting in the formation of molecular layers parallel to the ab plane. In addition, the layers interact through π-π interactions with centroid-centroid distances of 3.6115 (10) Å to form a three-dimensional structure. supplementary materials sup-2 Acta Cryst. (2013) . E69, o637
The above mentioned results suggest that the title compound has similarities with 1,8-dibenzoyl-2,7-diethoxynaphthalene (Isogai et al., 2013) in the dihedral angles between the benzene rings and the naphthalene ring and the distance of the C-H···O hydrogen bond between the benzene ring and the ketonic carbonyl group.
Experimental
To a 50 ml flask, 2,7-diethoxynaphthalene (2.0 mmol, 489 mg), 4-fluorobenzoic acid (5.6 mmol, 785 mg), and phosphorus pentoxide-methanesulfonic acid (8.8 ml) were placed. The reaction mixture was stirred at 60°C for 1.5 h. After the reaction, the mixture was poured into ice-cold water and extracted with 25 ml of CHCl 3 for three times. The combined extracts were washed with water, and 2 M aqueous NaOH followed by washing with brine. The organic layers thus obtained were dried over anhydrous MgSO 4 . The solvent was removed under reduced pressure to give cake. The crude product was purified by reprecipitation (CHCl 3 /methanol; isolated yield 91%). Furthermore, the isolated product was crystallized from CHCl 3 to give single-crystal suitable for X-ray analysis, m.p. 482.7-483.3 K.
Refinement
All H atoms were located in a difference Fourier map and were subsequently refined as riding atoms, with C-H = 0.95 (aromatic), 0.98 (methyl) and 0.99 (methylene) Å, and with U iso (H) = 1.2U eq (C). The positions of methyl H atoms were rotationally optimized. A partial view of the crystal packing of the title compound, showing the intermolecular C-H···O hydrogen bonds (see Table 1 for details; symmetry codes: (i) -1 + x, y, z; (ii) 1 + x, y, z). supplementary materials sup-5 Acta Cryst. (2013) . E69, o637
Computing details

Figure 3
A partial view of the crystal packing of the title compound, showing the intermolecular C-H···F hydrogen bonds (see Table 1 for details; symmetry codes: (iii) 1/2 -x, 1/2 + y, 1/2 -z). Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq F1 −0.20117 (11) 0.21137 (4) 0.11577 (9) 0.0549 (3) F2 1.12357 (11) 0.23089 (4) 0.40563 (7) 0.0453 (2) O1 0.52489 (11) 0.33949 (4) 0.12884 (7) 0.0287 (2) O2 0.39925 (11) 0.37322 (4) 0.32983 (7) 0.0300 (2) (6) C22 0.0302 (7) 0.0292 (7) 0.0284 (7) 0.0100 (5) 0.0006 (5) 0.0004 (5) C23 0.0221 (6) 0.0328 (7) 0.0374 (7) −0.0005 (5) 0.0057 (5) −0.0011 (6) C24 0.0255 (6) 0.0225 (6) 0.0333 (7) −0.0015 (5) 0.0059 (5) 0.0020 (5) C25 0.0260 (6) 0.0348 (7) 0.0259 (7) 0.0028 (5) −0.0003 (5) 0.0029 (5) C26 0.0436 (8) 0.0419 (9) 0.0395 (8) −0.0017 (7) −0.0094 (7) −0.0002 (7) C27 0.0387 (7) 0.0339 (7) 0.0285 (7 
